, and the International Neonatal Consortium † T he development and testing of the majority of medicine prescribed for newborn infants has been inadequate, with multiple barriers despite multiple legislative initiatives to encourage studies. 1 One impediment is our current limited capacity to share standardized data that would facilitate the evaluation of the effectiveness and risks of medicine given to newborn infants. Neonatal drug development requires data sharing [2] [3] [4] and in this commentary, we will discuss the importance and feasibility of defining standards for definitions when sharing neonatal data in a context that meets the needs of multiple stakeholders.
There are many reasons to share data about effectiveness and risks of neonatal drug therapy. Baseline data across large and diverse populations can inform the development of clinical trials to ensure they have adequate power to detect relevant effects. The results of studies can be compared in meta-analyses. Multiple trials allow for the evaluation of generalizability across a range of settings. Placebo arms can be pooled to assess background rates of serious morbidities and other adverse events. Databases can contribute to the evaluation of a medicine across the entire pipeline of development through to postmarketing studies to monitor safety and efficacy. There is increasing recognition of the value of "real-world data," 5, 6 but this approach needs efficient data sharing and reliable parameters for linkage.
The problems that arise when information is shared in the absence of standardized ways to define events have been highlighted in recent publications. For example, the iNeo collaborators identified 13 different definitions of bronchopulmonary dysplasia (BPD) in 628 papers 7 ; see also Steinhorn et al. 8 A comparison of outcomes for infants of very low birth weight across 8 databases in high-resource settings (Canada, United Kingdom, Sweden, Spain, Switzerland, Israel, Australia/New Zealand, and Japan) found that the incidence of a composite outcome comprising death, severe cerebral ultrasound scan abnormalities, BPD, and treated retinopathy of prematurity ranged between 26% and 42% with significant variation among sites. 9 These differences may well be attributable to inconsistencies in components of data and denominators (such as number of recorded births, number of admissions to neonatal units, criteria for a live birth). Variation in how clinicians interpret seemingly similar conditions as well as factors not generally recorded, such as differences in service delivery and staff numbers and skill-mix, also must be considered. Finding a way to address such variation in data capture, as has been achieved in some databases, would unlock an valuable resource. 10 Thus, data sharing requires data standards, defined as "a set of rules on how a particular type of data should be structured, defined, formatted, or exchanged between computer systems." 11 The definition of data standards in neonatology has been difficult because data sharing has not been prioritized sufficiently across stakeholders, there are limited drivers for consensus across multiple perspectives and continents, and the biological variation caused by the combination of ontogeny and multiple comorbidities impedes discussion.
The methodology for the development of data standards has been engineered by organizations such as the Clinical Data Interchange Standards Consortium (CDISC), which develops data standards that meet the specifications of regulatory agencies for use in clinical trials. 12 One family of CDISC standards that meet regulatory specifications relates to "foundational standards" about how data captured by all clinical trials can be recorded and presented from protocol through to reporting and There are multiple initiatives and inconsistencies between initiatives that reduce the value of data standards and definitions. Accordingly, shared data standards and definitions require careful management of terminology with "control" of the terms, including synonyms and relationships to terms used in other settings. Terminologies can be integrated, as occurred when the NCI EVS terminology for pediatric adverse events was incorporated into the Medical Dictionary for Regulatory Activities.
14 A collection of "common data elements" (a combination of a precisely defined question [variable] paired with a specified set of responses to the question that is common to multiple datasets or used across different studies) for clinical research is available through a National Institutes of Health repository (http://cde.nlm.nih.gov). 15 These methodologies and services have been applied to neonatal drug development, for example, the Pediatric Terminology Harmonization Initiative integrated more than 2000 terms used by 3 neonatal research networks, but they have not been adopted widely (https://evs.nci.nih.gov/ftp1/NICHD/ About.html). This lack of adoption may reflect content (extant vocabularies may not meet all needs) and/or implementation (that is, a lack of wide awareness or adoption).
The development of terminologies is not limited to specific case definitions for morbidities but ideally supports sharing data that can be used to ascertain multiple definitions. This is important because consensus on the best definition may not be reached, yet useful results can be obtained from analysis of data using several different definitions. In these situations, it may not be possible, or useful, to have a single definition that is used in all settings (across, eg, management, administration, coding, quality improvement, research). Seeking consensus about the best-possible definition of, for example, BPD, may not be appropriate. Instead, consensus could be reached about which definitions of BPD are worth ascertaining and which data variables are required to support the selected definitions so that the standards for capturing these variables can be defined, combined, and compared. For example, the CDISC published a Therapeutic Area guideline for asthma (https:// www.cdisc.org/standards/therapeutic-areas/asthma) that drew on a consensus workshop about outcomes of asthma. 16 Based on the consensus workshop, a number of "concept maps," such as "what is an exacerbation of asthma," were developed. The concept map for "exacerbation of asthma" then informed the standards for a core data set that would capture all definitions of asthma exacerbation.
It is important to note that case definitions of neonatal morbidities used in clinical trials designed for regulatory purposes may include components not included in nontrial data, eg, an outcome of a clinical trial may require a particular test or a specific assessment at a defined time point after an intervention. The rigor of such trial definitions should not be compromised or constrained by what is available "routinely" and may need to reflect de novo development of definitions and enhanced data capture. Nonetheless, there is likely to be considerable overlap in content between trial and nontrial datasets. To extend the use of nontrial datasets to support clinical trials, to promote the generalizability of results, and to contribute to postmarketing surveillance core, neonatal datasets should include the definitions used in trials and other settings.
The neonatal community should work through initiatives that already are addressing data standards, harmonized definitions, and comparability of data from heterogeneous sites. For example, the Brighton Collaboration has derived a detailed case definition for neonatal infection through a global, multistakeholder consensus group to support the evaluation of vaccines and is now working on neonatal seizures. 17 The UK Neonatal Collaborative has developed a case-definition for necrotizing enterocolitis based on a whole population study. 18 All neonatal units across England and Wales submit data to the National Neonatal Research Database through their data entry supplier. At present, there are more than 600 000 babies and 7 million days of care for these babies submitted into the National Neonatal Research Database (http://www.imperial.ac.uk/ neonatal-data-analysis-unit/neonatal-data/). Other initiatives are developing core datasets that can be recorded during all studies involving a specified patient group (eg, COMET [http://www.comet-initiative.org/], Core Outcomes in Neonates, or COIN [http://www.comet-initiative.org/studies/ details/842]). A global clearinghouse for data standards is provided by ELIXIR (https://biosharing.org). Although these initiatives are useful components of an approach to data sharing in neonates, a comprehensive approach is needed.
Creating data standards requires engagement of clinical teams, research teams, drug development teams, and other stakeholders. The harmonization of case definitions and development of data standards will require substantial work to upgrade the existing databases to allow for more extensive research use. Consensus from the broad stakeholder community needs to be reached on the case definitions for core neonatal morbidities and the specific data variables that need to be collected.
We propose the following steps toward neonatal data sharing (Table) : (1) of high-quality datasets. The involvement of parents, engagement and enthusiasm of those recording data, and quality criteria are essential. These steps could be followed separately for clinical trials or for quality measures. Given the considerable overlap in goals, the breakthrough for neonates would be to work on clinical trials and quality measures simultaneously. Each trial, study, or clinical database could choose which data to include based on the purpose of data collection and resource constraints.
The International Neonatal Consortium (INC) has surveyed the gaps and opportunities in developing data standards for neonatology to advance drug development in this population. Key issues include creating a forum for stakeholder engagement on this topic, developing consensus regarding data standards for neonatal studies, and implementing the standards.
Opportunities for Consensus
Ideally, information on neonatal morbidities could be shared easily because definitions of diagnoses would be supported by objective clinical, anatomical, tissue, imaging, or laboratory data. This can be done through quantitative or qualitative data, as discussed for chronic pulmonary insufficiency of prematurity. 8 Quantitative data are easier to share, validate, and combine, assuming that the quantification can be done consistently. Qualitative data or data about limited categories (such as clinician diagnosis) may be closer to clinical practice but is subject to multiple influences and biases. Many neonatal diagnoses and much quantitative data lack robust, objective definitions. These problems need solutions that meet the specific needs of neonates. Ascertainment of morbidities can be inconsistent because assessment of clinical signs is often subjective and thresholds for treatment vary. Furthermore, many definitions of neonatal morbidities are definitions of convenience that have not been demonstrated to predict final outcomes or burdens of disease. Such inadequate definitions cannot be used as surrogate outcomes, although neonatal morbidities with robust definitions may be linked with meaningful outcomes and serve as surrogate outcomes.
INC has established a working group for data that can serve as a catalyst for developing consensus and develop data standards for neonatal studies. 19 This will require collaboration with industry and regulators as well as between clinicians and databases. Funding for data infrastructure is essential. INC is evaluating CDISC data standards for use in neonatal clinical trials to develop comprehensive foundations for data sharing. Following a gap analysis between existing standards and the needs of neonatal trials, new standards will be developed as needed. This will involve a number of consensus groups that must include representation for all relevant stakeholders. Members of consensus groups need to carefully consider and represent the opinions and practice of the majority of their colleagues. Other groups and individuals will help update the concepts, definitions, and core datasets. Everybody can work toward data sharing by contributing to data recording when it will enhance care, even if the benefits are not immediately nor applicable to an individual neonate. This includes accepting the need to record data that benefits the whole community rather than a single neonate or a single unit.
Although data sharing needs an initial investment in resources, downstream benefits will be significant. These benefits are likely to include substantial cost-savings for research funders. 3 The costs of developing the means to share data need explicit funding. This could include contributions from other projects (clinical research or information technology infrastructure) or dedicated project funding. Establishing a mechanism to support such infrastructure as a component of funded trials may be an effective means to begin to bridge this gap. 3 The groups that manage multi-institutional databases can promote data sharing in various ways. While acknowledging the constraints and obstacles, they can improve data recording by incorporating core datasets to existing electronic health records. Specifically, including data that can have a definitive impact globally while meeting local needs for information might be crucial. Most importantly, they can contribute to the definition of standards for data collection and their implementation.
Implementation
Standard approaches to implementation need to be considered, taking account of other demands on the time and energy of all stakeholders, particularly front-line staff who generate and enter data. 20 A plan that integrates the development and implementation of standardized terminologies is needed. This plan needs to share the rewards and benefits of data sharing. This includes moving beyond institutions and database organizations to promote data sharing among people who enter data and are responsible at the site level. The broader neonatal community needs to provide clear benefits at the site level to justify the effort made by staff.
Most current databases focus on infants of extremely low birth weight and those born at less than 28 weeks of gestation. Although this reflects the high burden that arises from individual cases of birth at extreme prematurity, the overall burden of preterm birth and neonatal morbidity affects babies born at all gestational ages.
In the absence of common data standards, neonatal studies will continue to lag behind the need for new and improved treatments. The status quo promotes inefficiency and wasted effort because the power and generalizability of neonatal drug development is limited by the restricted number of settings that currently contribute to data sharing. Globally, the benefits of sharing will be significantly greater than the costs of change. However, local circumstances often impede the realization of global benefits: institutional factors need to be considered in the development and implementation of standardized terminologies.
Conclusions
We have reviewed the importance of defining standards for definitions when sharing neonatal data in a context that meets the needs of multiple stakeholders. Agreeing on definitions of the most common morbidities is important but is best viewed as a way to identify the content of data standards rather than the driver of data sharing. We propose that iNeo, eNewborn, Vermont Oxford Network, UK Neonatal Collaborative, and other key stakeholders collaborate with INC to develop a consolidated approach to defining data required to document neonatal morbidities that can be shared between trial and nontrial databases on a global basis. Only then can we leverage these important resources and optimize the outcomes for our most vulnerable population of patients. ■ Submitted for publication Nov 18, 2017 ; last revision received Jun 6, 2018; accepted Jul 25, 2018 
